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©Percutaneous stent and method for retrieva, thereof. 



«* M t mo> formed of stainless 

st eel wire ^^Tot straight sections (13) 
includes an endless se " es 4) ^ ste nt is 

joined at their ends by bends, 14) 
'compressive into a reduced dieter s,ze ^ 

ti0 n into and removal from a bo dy p 9 ^ 

bends_oL at least one end of the ste 
^iS^L!2L connect^ w th he eye^ 

end^f a similarly constructed sten to P ^ 

step ^on of sev^a. eng.s of s^.^ 

-e^rrenVr^o^^eyesa 



second time. The -^^^ 
lhre ad •^j" m ^ 8 ^ l i retrieved from the 
passageway. The ca a tube (70) over the 

b0dY 'TT^ZT'n* the tube is adjacent the 
free ends of the tnrea s{ent )S re _ 

stent. The d iame ter * one e d ^ 

dUCed ' y A PU heat 7 V concentrically disposed over 

way. 
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PERCUTANEOUS STENT AND METHOD FOB RETRIEVAL THEREOF 



~~ , . ^ stents and a method 

This invention relates ^ ^ ^ 

to, retrieving stents after ^ rt 0 ^ w 

•jSii rTiS- — Wire 

Stent " . ah iP in various situations to prov.de 
lt is desirable m var , portl0 n 

means -or JJJSSL, tn-ouc, a 

or ,„ fattens arise. <« 

or stop flow through the urei - 

bv Or. Cesare 

A percutaneous stent de e p wjre ^ 

Gianturco is formed of a jtain 

rang ed in a ^^.^0,68. The Gian- 
described .n U.S. Patent ^ , s 

turc o stent, or the Z stent a ^ an 

compressed into a , mes smaller its 

outer diameter whit* ' '^J^. T he stent is 
out er diameter '"^aTby means of a sheath 
positioned in a passageway oy d re . 

whi -e the stent is rata,- « *^o£ 
duced s.ze shape. notd tne stent m 

iS US6d Tofss oeway w^e the sheath is with- 
place in the passageway in the 

drawn. ^^^^J^ to ho.d the 
passageway into its s*P a the z . sten t 

passageway open maintaining an 

provides a seif-expanding rnejn. ^ ^ Qf ^ 
open Passageway FIG. ^ bo(Jy passagew ay 
well-known Z-stent w.re z . stents 
FIG. 2 illustrates the u se or 5 |n 
al0 ng a limited, length of a ^ /^^d in 
i„ustrated arrangement, two stents ^ ^ 

an overlapping arrangement. ^m the other two 
disposed slightly down* am om t 
stents. As diseased more U Y ^ ^ thfee 

?£*JSXrZ£ —ad us,ng the 
sheath and pusher describee « ^ expanda ble 

continue to expand , ^— 
diameter even though it was onj-^d ep^ 
a passageway that haa a u riiameter of the 
smaller than the maximum .„ 
expanded sten. Thus- ^J^^ 
some cases that the stem na « aae way. in an 



lh , ou9 n - ring ^ 
l0 „„, in essence, a com The mon . 

restricts the expand o< he «- ^ ^ ^ 
5 Srrcatt'eV.-o.mes.enUoan 

optimal desired diameter. expandable 

Further desenptio of th*£ ; 

wire Z-stent is found .n the fo'^ g ^ ^ 
, 0 modified Gianturco Expandable w 

perimental and Clinical Use J- R ^ 
Porto Cervo. Sardinia. May 25 29. 

2 ' 1988 , Pianturco Expandable Wire 

••Modifications of G ' anW . , R 150 . 1185 -1187. May 
.«« Rarrv T Uchida. AJR 10 

-B.perimenul »*«» " Joset Bos ch. 
Use of Expandable Qantu-co Stems . 

M . 0 . rsna. if c ;;»™;„ IT Associa.a. -« 

w ,,eS«ems- RSNA Juntas ^ ^ Trea ,. 

-Gianturco ™* Sy „ aro me Recurring 

me „, o. Supeno, V "a = a va = y « on . ^ 

" r:cA^" T rrNo.e.Sep,ern.e,t, 

cutaneous stent that s s ' 6 There 
30 retrieved after a period o rfW* ^ 

1S also need for • P^jj^^ along a greater 
several stent sections for been per - 

length of a body 'PZSSFJZ plr art. There 
™«ed ^ ex 7f o f % ^capable of combination 

35 iS a,S ° ^t of stent se^ons mat does not require 
with multiple stent sew operations, 
multiple catheterizations for ,nsert.on op 



Summary of the Invention 
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One embodiment of « 
t h e present invention includes ajue 

Cosed zigzag ^^^Snd.. A. ««h 
!5 . series of straight »ecttonji d by ^ ^ 
of the bends is formed an struc ted self- 

tor connection of another ^ co ^ ^ 
expanding stent, or for connec *on ^ 
iiKe construction. A nu at me 

50 stents can be co-b ne^ b ^ g ^ 

eyes. Each of W ^ stent ^ S for insertio n into a body 
int0 a first smal er ah P^ .^^^ sheath . 
passageway, such as moa stents ar e 

Once within the body f^"*^ second sna pe 
resiliently expandable mto a large 
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• *• straiaht sections press against the 
wherein the straigm sb 

.alls of the P« sa ^ay to ma-num ^ P ^ 

Another ernbodunent o the 
self-expanding stent of closed z g 9 $ 

T Tnt^-no SS* «^- 9 -s Passed 
of 81, stent Am«» Qf ^ sten , 

through each of the eyes a ^ 
once through ^°^Ze o<*e eye, The 
then again 180 mon0 filament leave the 

trailing free ends of the mo ^ 
stent at opposite sides of the s* 
extend through an can be tied 

^stenUn - also be 

The free ends of the mono 

mreaded over me free ^ of J e the luBe 

reduced diameter port.cn el the 

collapse me gaining Jangm °< »<° ^ ^ 

passageway, corner ob,ect or h 
P p(0vide . melhod for m*g o< a P ^ 
ste „, situated within a bods ' P . « fcn can 
obiects ^ « " *n —**» 

ings. 
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Briel OescriptionoUMDravnngs 



ns . is side cross-sectional view of a body 
^e:aywimase,..expandin 9 «es l en,o, 

w „„o- art situated merein. ^ 
^MrSre.eva^vie-.ap-e.er-ed 

^^^°rrr, i r , Smes„uc,u,e 

F,G - 3- oi >,iew of another 

FIG 5 is a side elevational v.ew oi 

embodiment of the present invention. 

FIG 6 is a side elevational v,ew of anot 



emb^rnen' o, me present invention shown ,n 

HHHrrren^— 
sr«rr!^s»- vie« o. me m, p» a 

FIG. 10A is a showing one step of a 

^embodiment o. ^TITlXhowin, 

another step ot uw showing 

present invention. 

ing of the pr.nc. P l « illustrate d in the 

now be made wi „ be used to 

drawings - d s ^ e e C 't w u. nevertheless be under- 
descnbe the same, u . n . 

st „od that no tin* t,or .or me scope o ^ 

*" TcaL'nT il me sSed device, and 
ther modifications in trie D „ nd p| e s oi the 

such further *>£Zf^J£L«m« 

^d— " e ones»dinmeart,d 

Meier ni iy 4 dQ e i e va- 

^ r'lElS^SS. - me percuta- 
„.nl,0 which^ed from e length .1 of 

neous stent 10 wnicn ;> . d zig-zag 

stainless steel wire <°™»^ BY a 

ous or endless <**^ 1 2J^ straight 
is arranged in a numbe of « oy 
sections 13. Accents straight sections > 

P Td U .rme «'e ' "hich is o. stainless steel 

sr. s,; : r r «2£5£ 

^^arrm^r: radiuso.no more 
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i_ .I nfi inch As thus configured. 

the stent into the body passageway uy 
Ca X G ZZt aspect of the present invention 
the cusps 14 of the stent are formed into a number 
ITe^O. U. the preferred embodiment, t e ey 
a 7efo7med-Tn the continuous wre 11 and the 
fnterSon between adjacent straight sections 13 
atTe cusps 14 are soldered or welded together to 
1 closed loop for the eyes 20. In one 
£3c ^todiment'of the invention, the eyes 
have a ^ diameter of approximately three fmes the 
wire diameter, or about .054 inch, 
"".n another embodiment of the — . m ^ 
tiole stents are combined as shown in FIGS. 5 and 
6 P ,n e embodiment of FIG. 5. two self-expand.ng 
Stents 10' and 10" are connected or attached at the 
eye 20 9 and 20" at the ends of each of the stent. 
Each of the stents 10' and 10 are generally iden- 
Z to the stent 10 just described n «n.£jcdng 
the union between the two stents 10 and 10 the 
irst stent 10' is- formed from a single length of 
1^ stee, wire n'. The length of wire 11 .» 
^ d in o the zig-zag and eye configuration al- 
though the cusps 14' are not immed.ately soldered 
The free ends of the length of wire 11 are ,o ned 
by wa y of the sleeve 12 . Once the f.rst sten t 10 
his been formed, the second stent 10 is formed 
rom a second length n" of stainless steel w,e. 
The second length 11" is formed in* the zig-z g 
and eve configuration so that the eyes 20 formed 
at one end of the stent are interlocked with the 
eyes 20' of the first stent 10 . Once the second 
stent 10" is complete, -a sleeve 12 « used to 
onnect the ends* the length of wire 11 an he 
CU sps 14 and 14 can then be jo.ned or soldered L 

A similar method of construction can be used 
to interconnect a stent 10 . which is identical to the 
stent 10 described above, with a single start stent 
16 ' as shown in FIG. 6. In this particular embod.- 
ment. the sing.e skirt stent 16 does ; not ha* . 
number of eyes defined at the free end offte . . tarL 
The free end of the skirt 16 may be 'o^into 
the configuration of hooks to prevent rn.grat.on of 
the stent and skirt combination once the combina- 
tion is placed within the body passageway .It is 
understood that in the embodiments of FIGS. 5 and 
6 the eyes at one end of one stent or skirt may be 
connected to a stent having only bends or cusps at 
its connecting end. in a manner sim.lar to the 
connection between skirt 16 and a similar skirt 16 

shown in FIG. 6. 

In another embodiment of the present inven- 
tion, a stent 30 is formed from a length of w.re 31 
into a zig-zag configuration identical to the stent 10 
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shown in FIG. 3. A number o, eyes ,35 .are ^ 
at least at one end of the stent 30. AJh^ag_4y, 
preferably a monofilament of bio-compatible ma- 
etusVssed through successive eyes around 
the circumference of the expanded stent 30 The 
thread 40 is passed through the eyes 35 by f.rst 
passing one end 40a through each successive eye 
5 wh'e retaining the other end 40b outsKie and 
apart from the stent 30. The f.rst end 40a of he 
thread 40 is threaded once through each of the 
eyes 35 in a 360* loop and then 180 further 
trough successive eyes, or about 540 around the 
circumference of the stent, so that some , of the 
eyeS 35 will have two passes of the _ thread 40 
therethrough. Thus, as shown .n FIG. 7A. the two 
iris 40a and 40b of the thread 40 are situated 
at 180* opposite eyes 35 of the stent 30. The 
thread 40 can then be used to collapse one end of 
6 se.f expanding wire stent by pujing bott .free 
ends 40a and 40b of the thread 40. When the f ee 
ends 40a and 40b are pulled simultaneously the. 

ameter of the thread 40. and 
eter of one end of the stent 30, 'S decreased 
Amatively, the thread 40 can be used to ,m,t he 
expanded diameter of the stent by tyrng the free 
ends 40a and 40b directly adjacent the stent. 
Z d n using the percutaneous stent of the prese 
invention, an insertion technique s.m.lar to that de 
scribed in the Gianturco 568 patent is employed^ 
as shown in FIG. 8. A self-expanding stent 50 
includes a number of eyes 55 at each end of the 
stent 50 and is identical in all respects to the stent 
30 shown in FIG. 7A. The monof..ament read 56 
passes through the eyes 55 at one end of the stent 
50 in the method of insertion, the stent is com- 
passed to its reduced diameter and disposed with- 
Ta sheath 60. as shown in FIG. 8. The free ends 
56a and 56b of the Hlament 56 extend . ouje*. £ 
sheath 60 and exterior to the patient s body Jo 
access after the stent has been .nserted. For exam 
P " when he stent is used as a prostatic stent, the 
I ment 56 has a length of 30 to 40 cm ,m«u*d 
from the stent 50 to each of the free ends 56a and 
56b so that the free ends may extend down from 
the^ 'prostate gland to the end of the urethra. When 
he s ent 50 fs used as a vascular stent, the ength 
of the filament 56 may be considerably shorter 
provided the ends 56a and 56b are situated outside 
the puncture site and are sufficiently long to be 
anchored onto the skin nearby. 

, n the preferred embodiment, the free ends 56a 
and 56b of the filament 56 are tied together so that 
they can be easily controlled and ma.nta.ned 
When the stent 50 is compressed within the shea h 
60 a pusher 61 is used to hold the stent .50 m 
position when the body passageway while the 
sSath 60 is withdrawn. The pusher 61 may have a 
channel 62 within which the monofilament 56 can 
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be disposed to prevent any pinching or tugg.ng of 
the filament while the sheath 60 is being removed. 
Once the sheath is removed, the pusher 61 can 
also be removed so that the stent 50 remains in 
position within the body passageway as shown « 
FIG 9. The monofilament 56 trails the stent and 
passes outside the body as described above. 

In certain medical operations, the stent 50 
need only be positioned temporarily within the 
body passageway. Thus, in another method of the 
present invention, illustrated with reference to 
FIGS 10A-10C, the stent 50 is retrieved from the 
body passageway and removed. In the method of 
this embodiment, a tube 70 is threaded over the 
free ends of the monofilament 56 and inserted into 
the body passageway along the monofilament 56 
until it is adjacent the implanted stent 50. as shown 
in FIG 10A. Once the tube 70 is positioned directly 
adjacent the stent 50. the free ends of the mon- 
ofilament 56 can be pulled through the tube 70. 
thereby compressing or contracting one end of the 
stent 50 to a reduced diameter, as shown .n FIG. 
10B With the end of. the stent 50 thus com- 
oressed. a sheath 75 can be introduced into the 
body passageway over the tube 70. as shown m 
FIG 10C The sheath 75 has an inner diameter 
larger than the reduced diameter of the end of the 
stent 50. The sheath 75 is continually conveyed 
into the body passageway over the tube 70 until ■ 
contacts and compresses the remaining length of 
the self-expanding stent 50. Once the sheath 75 
completely covers or shrouds the stent 50. that . is 
when the stent 50 is disposed entirely within the 
sheath 75. the entire assembly can be removed 
from the body passageway. In the preferred em- 
bodiment of the present method, the tube 70 and 
sheath 75 are composed of medical grade plastic, 
such as an 8-poiyethylene tubing. 

While the invention has been illustrated and 
described in detail in the drawings and foregoing 
description, the same is to be considered as illus- 
trative and not restrictive in character, it being 
understood that only the preferred embodiments 
have been shown and described and that all 
changes and modifications that come within the 
spirit of the invention are desired to be protected. 
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1 A stent assembly comprising: 
a first wire formed into a closed zig-zag configura- 
tion including; 

an endless series of straight sections having op- 
posite ends, said straight sections being joined by 
bends at said opposite ends to form a stent; 
a set of eyes formed at several of said bends at 
one of said opposite ends: and 



a thread passing through successive ones of said 
set of eyes, said thread including a pair of free 
ends trailing from said stent; 
wherein said stent is resiliently contractable into a 
s smaller first shape for conveyance through a body 
passageway; and 

wherein said stent is resiliently expandable into a 
second shape in which the straight sections press 
against the walls of the body passageway. 

,o 2 The stent assembly of claim 1 . wherein: 

said second shape of said stent includes a circum- 
ference at said one of said opposite ends, said set 
of eyes being situated at said circumference; and 
said thread passes through successive eyes at 

,5 least 360' around said circumference. 

3 The stent assembly of claim 2, wherein said 
thread passes through successive eyes approxi- 
mately 540* around said circumference. 

4 The stent assembly of claim 1. wherein said free 
20 ends are sufficiently long to extend outs.de the 

body passageway when said stent is situated within 
the passageway. 

5. The stent assembly of claim 1. further compris- 

inq; 

25 a second wire formed into a closed zig-zag con- 
figuration including; 

a second endless series of straight sections having 
opposite ends, said straight sections being joined 
by bends at said opposite ends to form a second 

30 ^second set of eyes formed at several of said 
bends at one of said opposite ends; 
wherein said second stent is resiliently contractable 
into a smaller first shape for conveyance through a 

3S body passageway; 

wherein said second stent is resiliently expandable 
into a second shape in which the straight sections 
press against the walls of the body passageway; 

40 wherein said second set of eyes of said second 
wire are engaged about said first wire at one of 
said opposite ends. 

6 The stent assembly of claim 5. wherein: 
said first wire includes a third set of eyes formed at 
45 several bends at the other of said opposite ends of 
said first wire; and 

said second set of eyes of said second wire are 
interengaged with said third set of eyes. 
• 7 A method for combining a first and second seir- 
so expanding stent to form a stent assembly for inser- 
tion into a body passageway comprising the steps 

• forming a first stent from a continuous first length 
of wire formed into a closed zig-zag configuration 
55 having an endless series of straight sections joined 
at their ends by a plurality of bends: 
forming a second stent from a continuous second 
length of wire formed into a closed -zig-zag configu- 
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ration having an endless series of straight sections 
joined at their ends by a plurality of bends, the 
bends at one end defining eyes open at the 
straight sections of the second stent: 
engaging the eyes at the one end of the second 
stent about bends at one end of the first stent; and 
closing the eyes at the one end of the second 
stent. 

8 The method of claim 7 wherein: 

the <tep of forming the first stent includes form.ng 
eyes at the one end of the first stent, the eyes 
open at the straight sections of the first stent: and 
the step of engaging the eyes at one end of the 
second stent includes interlocking the eyes of the 
second stent with the eyes of the first stent and 
closing the eyes at the one end of the first stent. 

9 A method for retrieving a stent disposed within a 
body passageway, the stent including a resilient 
wire formed in a closed zig-zag configuration hav- 
ing a set of eyes formed at one end of the stent, 
with a thread passing through successive eyes of 
the stent and having two free ends trailing from the 
stent outside the body passageway, the stent hav- 
ing a first compressed shape and a second ex- 
panded shape in which the resilient wire contacts 
the wall of the body passageway, comprising the 
steps of: 

pulling the free ends of the thread through the tube 
to reduce the diameter of the one end of the stent 
while maintaining the position of the stent wrthm 
the body passageway; 

reducing the diameter of the remainder of the stent 
sufficient to permit travel of the stent through the 
body passageway; 

retracting the compressed stent through the pas- 
sageway. 

10 The method for retrieving a stent of claim 9. 
wherein said step of pulling the free ends further 
includes the steps of: 

threading a tube over the trailing free ends of the 
thread, the tube having an inner diameter smaller 
than the diameter of the first compressed shape of 
the stent; 

introducing the tube into the body passageway and 
conveying the tube to a position adjacent the stent: 
pulling the free ends of the thread through the tube 
to reduce the diameter of the one end of the stent. 
11. The method for retrieving a stent of claim 10, 
wherein said step of reducing the diameter of the 
remainder of the stent further includes the steps of: 
introducing a sheath concentrically disposed over 
the tube into the body passageway; 
conveying the sheath over the tube through the 
body passageway and over the reduced diameter 
end of the stent: 

further conveying the sheath over the remainder of 
the stent to compress the remainder of the sheath 
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and withdraw the stent from contact with the wall of 
the body passageway. 

12 The method for retrieving a stent of claim 9, 
wherein said step of reducing the diameter of the 
remainder of the stent further includes the steps of: 
threading a sheath over the trailing free ends of the 
thread, the sheath having an inner diameter larger 
than the diameter of the first compressed shape of 
the stent but smaller than the diameter of the 
second expanded shape of the stent: 
introducing the sheath into the body passageway 
and conveying the sheath through the body pas- 
sageway and over the reduced diameter end of the 

stent; . ■ 

further conveying the sheath over the remainder of 
the stent to compress the remainder of the sheath 
and withdraw the stent from contact with the wall of 
the body passageway. 
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